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Title: 



MULTI LAYER SCREEN AND DOWNHOLE 
COMPLETION METHOD 



ITield of fliff Invention 

[0001] The field of this invention relates to downhole screens, which can be 
expanded into contact with the formation. 
Background of the In vention 

[00021 Downhole screens are used in a variety of different appUcarions. As part of a 
common procedure called gravel packing, the screens are deposited adjacent the 
producing formation and the surmunding annular space is filled with sand known as 
gravel. Various fabrication techniques have been developed for manufecturing such 
screens and atypical example is illustrated in US Patent 5,611,399. 
[0003] More recently it has been determined that it is desirable to reduce the size of 
the annular space between the screen and the formation. Reduction of the volume of 
the annular space around the screen discourages fluid flow along foe screen, which, in 
turn, lessens the production of sand. In order to be able to produce the reservoir 
longer, it has been desirable to insert screens in well bores or laterals and thereafter 
expand them. A good example of the expansion techniques for a downhole screen is 
shown in U.S. Patent *>,012,522. In this patent, overlapping segments of screen are 
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capacity to withstand collapse. 

,.0.4, Otor paten* spring to p*e esp»sions - «. 5.90L789 and 

5,366,012. 

[0005] ^^.d**.-*.— i^easyinsttuationofto 
SCK en to to deallocation Mowed by -pension to reduca to votane of to 
^ap^^toa-een. YetanotorobjertoftoinvenuonUtoe^to 
^ .gains, to fonnanon to entire* etitninato to annular spaee annmd * Ye« 
mote objective of to present invention ia * aUow to use of to stiuctiun of to 
^oleeve^witoute^si- Anofoer objective of to p^taveauo, 
toa ec^toanto-ofsb~«toati^n^^«^ Yet 
objective of .to present inv«tion ia to provide a sigtuftcanuy singer 
structure for the finished product, which even after expansion presents a greater 
nMma> to collapse: Another object o, to Mention is «, provide,^ tnuob as 
^ unifooniiy in to opening size of to filtration layer after to: assembly . 
esfm ^ Motor objective ia «o ptovide sufficient stiengih in to asaenfoly, after 
expansion to allow it to better resist differentialipressurea. Still another objective is to 
^ucctoe^^for^onandto^etooverane^ontodiscre.e 

^ These and otor advantages of to p*sen« Invention will be appreciated by 
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toM staled in the art from . review of the desertion of the preferred embodiment, 
which appears below. ' 

CTTMTVf ABY OF ™T INVENTION 

[00061 A downhole completion melhod and an expandable filtration apparatus axe 
disclosed. The filter assembly comprises a plurality of layers begmning with a coated 
perforated base pipe, The coating reduces the force required for expansion. A 
drainage layer overlays the base pipe with the filtration layer above it The drainage 
layer improves flow mrongh the filtration layer and protects it ftom bnrrs in the base 

pipe. A filtration enhancement layer fits over the filtration layer and an outer shroud 

protects me assembly during run in. The assembly can be used as made or expanded 

downhole in one or a series of expansions. i 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] Fig. 1 is cutaway view, partly in section; showing the filter assembly. 
[00081 Fig. 2 is a section view along tines 2_2 of Fig. 1. 

[00091 Fig. 3 is a section view of a first step in a multi step expansion, of the filter 
assembly. i 

[00101 Fig. 4 is a section view of a second step in a multi step expansion of the filter 
assembly • 

[00111 Fig. 5 is a comparison performance chart comparing a known filter made by 
Baker Hughes called Excluder and two variations of the filter, of : the present 
invention. 

nmTT ™ n^rpnmnN OF THE PREFERRED, 
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t00121 Rearing* Fig. l.*^^**^***-*"*™ 

Tfi, ***** !ayer is a I— »- *• * ^ *" ' ^ ° f 05601,188 
12 Base pipe 10 provides a to four*auonf*me layers above. The p*tonr of <he 

W. 12 is optimize* to su*e ft. best balance between couaps. resistance after 
^ md mininuzanon o, ft. fee. reqrired to expmm layer - *- 
phoned omside «, as win be described betow. Thia opmufcanon aUowa expanaona 
in ft, range of up to about 30%. Tbe base pipe 10 can have mreads 14 and 16 at 
^teendstoaUowsecuonaoftoffltor^lyAtobesec^togetor.giv^ 

^ mraton and tension snengft for tbe filter assembly A. A coating 18 made 
^y^.pl^rnaton-^beappUento^inald.^b^pip.10.^ 

„ Corp. manufactory the coating under .be nam. Xyian 10 5 2.Ulumately, 
whra an expander 20 (see Fig. 3) is moved through base pipe 10, tbe coating 18 will 
^ ft. required sponsion fbrce. The greater collapse tesistonce of ftebase pipe 
10 prmnotoaborehole attMBy after expansion, Tbe opmmzation of me*pemngs 12 
p^tos me bigbest expansion r*c for a given notorial for base pipe 10wbfle.Hu 
saving sufficient inflow area tbrougb tbe pipe openings or perforations 12. Using 
ro und, rounded, or oval opening instead of slots provides for a medically auunger 
filter assembly A. In the preferred embodiment, tbe coating 18 is Xylffli and it can 
pn.vide a reduction ir. required force for a given expansion by aa much as 50%. The 
^ 18 also helps resistance to galling by foe expand*™ or a snbsequent 
expander such as 22 (see Fig. 4). 

,0013] Mounted above the base pipe 10 ia a drainage layer 24. Dminage layer 24 is 
fi^een base pipe 10. tmd filuafion layer 26. Tbe drainage layer 24 promotes flow 
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M A braided weave design is currentiy — * — * - ~" 

SSB raid600 3 04B.^™i^ M P^^~^ M6Om,,UI13 
^^^.^.^-^^^"^ 
^^^^^^^^^^ 

the base pipe 10. 

lM14 , over*. drainage layer 24 is die filtration lay* * * «— 

^ Ms rnafeia! gives very ,*» — *r * *» size a. 

pa .fi lt rafion ta y CTM ^e g iv tag s^^-^» 0f<hePaSS>ge 
of *. mauy particles. As shown in Fig. 1, ft. filiation layer 2* is onented at an 
^ to fte lougiftdiual of the fitter — A. Ibis angle can b«in the range 
of shout 10 » about 80 de*ees - *-» degrces being prefer-. Orientingfte 
atering layer » a, an angle sHows rninintizatio. of ebange in opening size and 
^ ry, resulting, fionr expansion. Tbe Deb* TwUl weave provide* gre*er 
aurabfiiry and particle holding eapaeHy. Negative effects on bole size and unrfonutty 
as a result of expansion are farther miniinized by using a reverse weave iTwill Dutch 
pattern. A reverse weave is one wb«e the die*** of the wett (shuts) wires 28 is 
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^ ptaM mcnt of *. filtration **« * * « **« ^ 
rih a reverse weave yields a more predict and unitorm opening sfce after 



,,0151 Mounted over:the filtration layer 26 is the filtration euhanc<*n.nt *- 32. 
His layer promotes greater flow conductivity ftom ft. outermost layer, tire cuter 
^34.Lay«32aclsas.coa^m« toh yer 2 *aod P mlo ngS fl»limoffiHratio n 

iayer 26. T» can be seen m the graph of Kg,5, where me addition of me filuafion 
^tancemeot Uyer is curve 36. The same She. assembly A of the present Invention 
tat wfltant me filtration enhamemen. layer 32 is illustrated by curve 38. Cmve 40 
represents dm perfi.nu.nce of a Known product made by Bate Hughes cafled 
Excluder. Fig. 5 rf, demons*** Ural the addition of me filtration enhancement 
Uyer 32 nearly triples m. time it titos m bmld up a t^prcsaure of 40 PSIG tor the 
same flow condition,: Leaving out me filhatita enhancement layer 32 also makes 
« vision of the present invention prribtm somewhat comply to me known 
Excluder derign. Several different weave types are suiteble for lay^ 32 sudr as: 
^ weave, impound Balancod, Tight M X Braided Weave, A suitable 
Compound Balancedmraterial is avaflable flom Porous Metal Produdto, model # 
CB_3_96_192_21/24.: A metallic material is preferred. 

lOOlfl Ibe outer shroud 34 is preferably form* Sum spiraUy winding. a performed 
^eetimoambe.Tbeholesbc^patfemisoptimizedti.fecflimte expansion and yet 
provide sufficient coflapse resistance in tire expanded sate. It is desired to have the 
Mow area of the openings maximised but to limit the opening size and use a 
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primary purpose of the outer shroud 34 is to protect the layer below from damage 
during run in- 

10M7) ^ een ^ iomed toged-er ey swa^* to reduce me ou*de diameter 
^fflter^y^Swa^alsomareamevarioua^actaaooe^re^ 

to expansion and provide, greater smmgm agains. collapse after e^panaioa I. - 

prefened to emmal me components individuany befirre swaging or „ , amrem me 

filtration assembly A after all die components have been assembled! Doing this 

^ a greyer degree o, elusion without ftehue. «. benefit is P— 

^mmeh^pipeiO.The^ofarm^^^'"^-^ 
m^degreesF.Ann.^ofmeh^pipel.^bomm^.o.oo-mg 

18 due ,o me inability of me coating » to wftbsmnd me annexing tempemurres. 
Smtering - he used instead of swagmg *> jmn me layers togemer. The laye* are 
p^l, assemhled in me fbUowing manner. , me h»de4 wire of suitable dmhmge 
laya M is place* on m. base pipe 10 which he* previously been drilled with hole, 
^mdandmreadoi- lb*, the fibrauon layer 2* is wrapped at an ov« tie top 
of me drainage layer 24. Another layer, caueri me fitaauon enhancement layer 32 rs 
p^overurempofmefiltearionlay^. Then, m outer shroud 34 is pluc*ov« 
to filmmon enbanceshen. Inyer 32 and me ^ parage is run through a set of dres 
Wswages^fbrcesaucomprmemsto*^^ > 

[0018 , T^asenmlyAh^meadven^of^^ 
^a^lemnotJfUiano.exp^ed.itcanbegmvelpackedmmeknown 

manner. Figs. 3 and 4 illustrate a unique step_wise expansion technique. In a first 
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i 



7 



WO 02/23009 



PCTAJS01/27581 



step, m expander 20 which may be a fixed cone or a cone with variable diameter is 
ntoved downwardly through flte filter assembly, A t» achieve about a 15% expansion. 
At the low« end of the filter assembly A a cone latch 42 engages a fixed or variable 
diameter expander or cone 22 to momaae me ovtsafl expansion to as much as 50%. 

As previously state^more expansion steps can be used and different degrees of 

stop.wise expansion and overaU expansion can be obtained with this technique. I. 

shonld be noted mat me second expansion does not necessarily have to proceed in a 

direction opposite the first expansion. 

HOW] Themaiemany^cationsofmefilterass^lyofmepresemmv^nln 
horizontel open hole completions t hemarens 8 allrm M ethanl,000f««ofe<m t »c« 
with the productive formation, sometimes in excess of 9,000". Because there is so 
nmchconmct the amount of production per foot is very low. In most cases if the 
theoretical production per foot was traveling into a screen dfrecfly opposite of the 
formation then the velocity would be too low to transport sand from unconsolidated 
formations or cause erosion. There are many wells in wbidj erosion is .taking place 
aod sand is bemg produced. Presently there are a couple of theories that explain tins 
occurrence. First the tarnations may be so unconsoHdated tot they simply fall apart 
when tit. pressure in Ore well bore used to control the well during Idrilling and 
completing the well is removed. Ma is referred to as hole or formation collapse. A 
second posa.mryismatfluidflowaalongthej.athofleaatresistance. JTmmaybe 
on the inride of a acrem that is in place or along the outside. As the flow proceeds 
towards the beginning of the open hole section, the accumulative effects of 
prcdoction means the .velocity is much high- towards the top section (begmmng) of 
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tte szean to transported and to erode to formation ">4 screen. 

,.0201 By ending ecrecn in en open bole wdl «" — 

s^^tofonnaHon^bo^yreducedoreveaeMnatod. RedWonofto 

»«. .MM, resist to flow and tata production flowiateducedon 
fceexienoroftosc^andincWootoinfcdor. 
meansl ow«v«locioeanear,he W eflbore^ 

less erosion effects. 

(00211 Evasion can also aid in formation stability by physically aupporting to 
fonnanoniftosc^isesnandedunffl^^ Una support in 

«um couldpreven, ta«*ptat of to formation wban to pressure in to well bore 
is reduced. 

. l0 022] Inciaedholeappnc^ 
insioediameterfor^^ Another advantage is that in 

^packs and gravd packs an that is nec^ 

in the perforation tunnels and formation fractures. Annular packs between the screen 
and the casing, which are often difficult to achieve, are not necessary since expanding 
screen removes this annulus. The filter apparatus A could also be used in conjunction 
with a fiac pack or gravel pack and subsequently expanded to fill any voids in 
fce annulus I pack or perforations not filled. 
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We claim: 

1. An expandable filter assembly for downhole use, comprising: 

a base. pipe having an inside. surface, a longitudinal .axis, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, said layers 
each being annealed to facilitate subsequent expansion downhole. 

2. The assembly of claim 1, wherein: 

said filtration layer and said base pipe are individually annealed prior 

to bang joined together. 

3. The assembly of claim 1, wherein: : 

said filtration layer and said base pipe are annealed after being joined 

together. 

4. The assembly of claim 1, wherein: 

said filtration layer and said base layer are swaged together and said 
annealing further comprises solution annealing at up to about 1800 
degrees F. 

5. The assembly of claim 1, wherein: : 

said inside surface of said base pipe is coated to reduce the force 
neededifbr subsequent expansion. 

6. The assembly of claim 5, further comprising: 

an expander capable of multi-stage expansion of said base pipe and 
said filtration layer. 

7. The assembly of claim 6, wherein: : 
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said 



staged expansion occurs in a single direction. 



8. Theassemblyofclaim6, wherein: 

9. The assembly of claim 6, wherein: : 

*a i« staees no to about 30% above its original 
said base pipe is expanded in stages up w 

dimension. 
10 The assembly of claim 6, wherein: 

one of said weft ard warp wires is disposed * . of 
im. degrees wift respect to ft. I^M aais.of sad base 

pipe. > 

11 The assembly of claim 10, wherein: i 

^ weft wi» have a .arger <Ham*r ftan said warp wires by as 

much as about 50%. 
12. The assembly of claim 10,wherein: > 

said at least one filtration layer former comprises a woven drainage 
layer on saidbasepipe and a main filtration layer, said drainage layer 

. . 1mrmnTt for said main filtration layer, 
pipe and providing mechanical support tor saw i» 

13 The assembly of claim 12, further comprising: 

fixation enhancement layer mounted over sdd main filtration layer 
and furmer comprising a weave, said drainage layer and said filtration 



a: 
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^cem** lay* are W*» — *> — ^ " 

aid wires in said main filtration layer. 



14. The assembly of claim 10, wherein: I 

said openings in said base pipe are round, rounded or oval. 

15. An expandable filter assembly for downhole use, comprising: 

a base , pipe having an inside surface, a longitudinal , axis, and a 
plurality of openings; 

atleastone filtration layermounted over saidbasepipe, 
• ^d inside surface of said base pipe is coated to reduce the force 
needed ifor subsequent expansion. 

16. The assembly of claim 15, wherein: i 

said coating is made of a plastic material and said openings are round, 

rounded or oval, 

17. The assembly of claim 15,further comprising: 

an expander capable of multi-stage expansion of said base pipe and 

said filtration layer. 

18. The assembly of claim 17, wherein: i 

said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axisiof said base 
pipe, i 

19. The assembly of claim 18, wherein: i 
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aaid layer, each bang ***** » »** WbS ^ eD ' raPa ° Si<m 
downhole; 

^ fi,«uon lay* and said base layer are swaged together and s»d 
tofcer comprises solufion annealing - * * *- 



20. Me^lefflW assembly tbrdos.nhole.use, compnsmgt 

a base pipe having an inside soAce, a longitudinal .aria, and a 
plurality of openings; 

atleaalc^ffltradonUyermornuedoversaidbasepipe;^ 
m ^pander capable of muld-stage expansion of arid base pipe and 
said filtration layer. 
21 The assembly of claim 20, wherein: i 

dimension. 

22 The assembly of claim 20, wherein: i 

said layers each being annealed to facilitate subsequent expansion 

downhole; 

aaid filtration layer and said ba» layer arc swaged togefcer and said 
tamer »mprises solution annealing at up to *ou« 1800 

degrees F. 

23. The assembly of claim 22, wherein: : 
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said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axis^of said base 
pipe, i 

24. An expandable filter assembly for downhole use, comprising: 

• a base, pipe having an inside .surface, a longitudinal .axis, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, 
said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axisiof said base 
pipe, i 

25. The assembly of claim 24, wherein: I 

said weft wires have a larger diameter than said warp wires by as 

much as about 50%. 
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